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S u m m a r y : Five different microsatellite loci bave been amplified through PCR (Polymerase Chain Reaction) in order to find 
polymorphisms useful for identification of 16 cvs and 42 clones or populations of Vitis vinifera L. No genetic variability was 
detected among clones and populations. All the cultivars have been identified, except those derived from bud mutations involving 
the colour of the berries, as the Pi not group (P. noir, P. blanc, P. gris), or those thought to be closely correlated or synonymous , such 
as 'Refosco di Faedis ' and 'Refoscone ' . One locus (VVS2) showed a high polymorphism with 12 alleles detected on high resolution 
agarase gel. 
K e y w o r d s : genetic markers, cultivar identification, PCR, Vitis vinifera L. 
Introduction 
Historically grape cultivars have been identified by 
comparison of morphological characters , a method based 
on the appearance of leaf, fruit, shoot tip and other organs. 
The expression of many of these traits are often affected 
by diseases or deve1opmental and environmental factors. 
The morphological variabilities and the subjective evalu-
ations made by man, Iimit ampelographic identification . 
Alternative biochemical approaches have been developed 
including phenolic or aromatic compounds analyses as weil 
as serological analysis of pollen proteins (SAMANN and 
WALLACE 1981). Isozymes have been used for cultivar iden-
tification in grapevines (WOLFE 1976, STAVRAKAK!S and 
LouKAs 1983, SuBDEN et a/. 1987, BACHMANN and BLAICH 
1988, BENIN et a/. 1988, PARF!TT and ÄRULSEKAR 1989, 
W ALTERS et al. 1989) although problems associated with 
enzyme extraction, the generat Iack of discriminating en-
zyme systems and inconsistency in assaying enzymes have 
hampered the wide diffusion of the technique. Recently 
DNA analysis has presented a new approach for cultivar 
identification . RFLP (Restriction Fragment Length 
Polymorphism) markers (STRIEM et al. 1990, BouRQUIN et 
a/. 1992, BowERS et a/. 1993) as well as the generation of 
Random Amplified Polymorphie DNA (RAPDs) (WtLLIAMS 
et al. 1990) by means of the PCR technology have been 
used in grapevine fingerprinting. The latter procedure has 
recently been used for the intraspecific characterization of 
Vitis vinifera (JEAN-JAQUES et a/. 1993, BüseHER et al. 1993, 
GoGORCENA et al. 1993) and this is the method of choice 
when there is no previous knowledge about DNA sequences 
in the genome. Different classes of repetitive DNA se-
quences have been investigated in order to identify suit-
able markers (THOMAS et al. 1993). The most infom1ative 
or polymorphic markers appear to be the microsatellite 
repeats sequences . Microsatellite DNA consists of small 
repeated units , generally less than 4 nucleotides , which 
are present many times within a genome (LrTT and LuTY 
1989, TAUTZ 1989). PCR primers designed to amplify such 
regions greatly increase the possibility of finding DNA 
polymorphisms (MORGANTE and ÜUVIERI 1993). 
Five primers amplifying 5 different loci in microsat-
ellite regions in the grapevine genome have been recently 
discovered (THOMAS and ScoTT 1993). A screening of 26 
V vinifera cultivars and 7 other species showed the mark-
ers were very informative for detecting high heterozygosity 
and high genetic variations between varieties . The present 
work aimed at: a) verifying the usefulness of PCR ampli-
fied microsatellites to detect the extent of genetic vari-
ability in Vitis using the 5 pairs of primers designed by 
THOMAS and ScoTT (1993); b) improving the procedure 
described by the previous authors by eliminating the haz-
ards linked to radioactive nucleotide labelling and the use 
of acrilamide on gels ; c) checking the diversity within 
groups of closely related cultivars and clones of V vinifera. 
Material and methods 
Plant material used for DNA extraction was obtained 
from a nursery (Vivai Cooperativi Rauscedo, Rauscedo, 
Italy) or from private farmers. Canes from each individual 
accession and cultivar (Tab. 1) were collected during the 
rest period in the winter and kept at 4 oc until used. Most 
cultivars were represented by selected clones . The cv. 
'Ribolla ' was represented by 2 recently selected clones 
and 5locally known accessions . The cv. 'Verduzzo fiiulano' 
was only represented by unselected accessions. 'Refosco 
di Faedis' and ' Refoscone ', which are recognised as be-
longing to the 'Refosco ' family even if clearly distinguish-
able from other clones because of some morphological 
traits, were also represented by local accessions. The canes 
were forced in water and very young leaves collected and 
immediately used for DNA extraction or kept in a freezer 
at -80 oc. Three plants of 'Terrano ' and 2 of 'Ribolla gialla 
Badia di Rosazzo' were selected to test the individual vari-
ability in all the five microsatellite loci . 
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G .  C I P R ! A N I ,  G .  F R A Z Z A ,  E .  P E T E R L U N G E R  a n d  R .  T E S T O U N  
T a b  I  e  I  
L i s t  o f  c u l t i v a r s ,  c l o n e s  a n d  a c c e s s i o n s  o f  V i t i s  v i n i f e r a  u s e d  f o r  
D N A  f i n g e r p r i n t i n g  
C u l t i v a r  
C a b e r n e t  f r a n c  
C a b e r n e t  S a u v i g n o n  
C a r m e n e r e  
C h a r d o n n a y  
P i c o l i t  
P i n o t  b l a n c  
P i n o t  n o i r  
P i n o t  g r i s  
R e f o s c o  d a !  p e d u n c o l o  r o s s o  
R e f o s c o  d i  F a e d i s  
R e f o s c o n e  
R i b o l l a  g i a l l a  
R i b o l l a  n e r a  
R i b o l l a  s p i z a d e  
T e r r a n o  
V e r d u z z o  f r i u l a n o  
C l o n e  o r  a c c e s s i o n  
V C R  1 0 ,  V C R  2 7 ,  
E N T A V  2 1 2 .  
R  5 ,  E N T A V  3 3 8 .  
V C R 9 .  
R 8 ,  S M A  1 3 0 ,  V C R  4 ,  
E N T A V  7 7 ,  E N T A V  9 5 .  
R  3 .  
V C R  1 ,  V C R  5 ,  V C R  7 ,  
V C R  9 ,  E N T A V  5 4 .  
V C R  4 ,  I N R A  1 1 3 ,  
I N R A  l l 5 .  
V C R  5 ,  V C R  7 ,  
E N T A V  4 9 .  
I S V F  I ,  I S V F  4 T .  
V C R  3 0 ,  V C R  3 1 ,  R .  g .  
d i  M e r n i c c o ,  R .  g .  B a d i a  
d i  R o s a z z o ,  R .  g .  d i  A l -
b a n a ,  R .  v e r d e  d i  A l b a n a ,  
R .  B a t l i s t i g  d i  P r e p o t t o .  
I S V F  2 .  
V .  v e r d e ,  V .  d a !  
p e d u n c o l o  r o s s o ,  V .  r o s s o ,  
V .  s a n g u i g n o ,  V .  g i a l l o  d i  
R a m a n d o l o .  
D  N A  e x t r a  c  t  i  o  n  :  D N A  w a s  e x t r a c t e d  u s i n g  t h e  
m e t h o d  o f  D o y l e  a n d  D o y l e  ( 1 9 9 0 )  w i t h  t h e  f o l l o w i n g  
m o d i f i c a t i o n s :  I  g  o f  l e a v e s  f o r  e a c h  s a m p l e  w a s  f r o z e n  i n  
l i q u i d  n i t r o g e n ,  g r o u n d  t o  f i n e  p o w d e r  a n d  s u s p e n d e d  i n  
6  m l  o f  C T A B  ( h e x a d e c y l t r i m e t h y l  a m m o n i u m  b r o m i d e )  
s o l u t i o n  w i t h  t h e  a d d i t i o n  o f  I %  P V P  4 0  ( p o l y v i n y l p y r r o -
l i d o n e )  k e p t  f o r  1 0  n u n  a t  6 5  oc .  A n  e q u a l  v o l u m e  o f  c h l o -
r o f o r m / i s o a m y l  a l c o h o l  2 4 : 1  w a s  t h e n  a d d e d  a n d  t h e  s a m -
p l e s  c e n t i i f u g e d  f o r  2 0  n ' l i n  a t  6 0 0 0  g .  
P  C  R  p  r o t  o  c  o  I  s  :  F i v e  p a i r s  o f  p r i m e r s ,  f l a n k i n g  
t h e  m i c r o s a t e l l i t e  D N A  r e g i o n s  f o u n d  i n  V i t i s  b y  T H O M A S  
a n d  S c o r r  ( 1 9 9 3 )  c o d e d a s  V V S 1 ,  V V S 2 ,  V V S 3 ,  V V S 4 ,  
V V S 5  ( T H O M A S  a n d  S c o T T  1 9 9 3 )  w e r e  s y n t h e s i z e d  
( G e n e n c o ,  F i r e n z e ,  I t a l y )  a n d  u t i l i z e d  i n  o r d e r  t o  a m p l i f y  
t h e  r e p e a t  r e g i o n s  i n  t h e  g r a p e v i n e  s a m p l e s .  P o l y m e r a s e  
c h a i n  r e a c t i o n s  ( S A I K I  e t  a l .  1 9 8 8 )  w e r e  c a r r i e d  o u t  i n  2 5  1 1 1  
v o l u m e  c o n t a i n i n g  2 4 - 2 0 0  n g  o f  g e n o n ' l i c  D N A ,  0 . 2  I J M  
e a c h  p r i m e r ,  2 0 0  f . . L M  e a c h  d N T P ,  5 0  m M  K C I ,  1 0  m M  T r i s  
( p H  8 . 3 ) ,  0 . 0 1 %  g e l a t i n e ,  2 . 5  m M  M g C I 2  ( 1 . 5  m M  w i t h  
V V S 3  p r i m e r s )  a n d  0 . 5  u n i t  o f T a q  p o l y m e r a s e  ( B o e h r i n g e r  
M a n n h e i m ,  G e r m a n y ) .  S a m p i e s  w e r e  o v e r l o a d e d  w i t h  2 5  1 1 1  
n ' l i n e r a l  o i l .  P C R  r e a c t i o n s  w e r e  c a r r i e d  o u t  u s i n g  a  P e r k i n  
E l m e r - C e t u s  T h e r m a l  C y c l e r  4 8 0  w i t h  t h e  f o l l o w i n g  p r o -
f i l e :  ( i )  9 5  oc  f o r  5  n u n  p e r  1  c y c l e ,  ( i i )  8 0  oc  f o r  6  n ' l i n  p e r  
I  c y c l e ;  ( i i i )  9 4  oc  f o r  1  n ' l i n ,  5 0  oc  f o r  5 0  s ,  7 2  oc  f o r  
I  m i n  p e r  2 6  c y c l e s ;  ( i i i i )  7 2  ° C  f o r  7  n ' l i n  p e r  I  c y c l e .  T h e  
p o l y m e r a s e  w a s  a d d e d  d u r i n g  t h e  6  m i n  p e r i o d  a t  8 0  oc .  
T h e  a b o v e  a n n e a l i n g  t e m p e r a t u r e  ( s t e p  i i i )  w a s  i n c r e a s e d  
t o  5 5  oc  u s i n g  V V S 3  p r i m e r s  ( s e e  r e s u l t s ) .  2 0  1 1 1  o f  e a c h  
a m p l i f i e d  s a m p l e  w a s  d i r e c t l y  l o a d e d  i n t o  4  %  a g a r a s e  
g e l s  ( M e t a p h o r  F M C  B i o p r o d u c t s )  i n  T B E  b u f f e r  
( S A M B R O O K  e t  a l .  1 9 8 9 )  c o n t a i n i n g  0 . 5  I J g  o f  e t h i d i u m  b r o -
m i d e  a n d  e l e c t r o p h o r i s e d  w i t h o u t  a n y  p u r i f i c a t i o n  o f  t h e  
P C R  m i x t u r e .  T h e  s a m p l e s  w e r e  r u n  f o r  4 - 7  h a t  3 . 5  V / c m .  
R e s u l t s  
A  m  p  I  i  f  i  c  a  t  i  o  n  :  A l l  p a i r s  o f  p r i m e r s  w e r e  
s u c c e s s f u l  i n  a m p l i f y i n g  n u c r o s a t e l l i t e  r e p e a t s  i n  t h e  s a m -
p l e s  t e s t e d .  T h e  e x p e r i m e n t s  w e r e  h i g h l y  r e p r o d u c i b l e  a n d  
n o  v a r i a b i l i t y  w a s  d e t e c t e d  a m o n g  t h e  3  p l a n t s  o f  ' T e r r a n o '  
a n d  t h e  2  p l a n t s  o f  ' R i b o l l a  g i a l l a  B a d i a  d i  R o s a z z o '  t e s t e d .  
A m p l i f i e d  p r o d u c t s  w e r e  o b t a i n e d  b o t h  w i t h  1 0 0  o r  2 0 0  n g  
o f  g e n o m i c  D N A  b u t  w i t h  t h e  p r i m e r s  V V S 1 ,  V V S 2 ,  a n d  
V V S 3 ,  t h e  l o w e r  c o n c e n t r a t i o n  p r o d u c e d  v e r y  f a i n t  b a n d s  
o n  a g a r o s e  g e l s .  I n  c o n t r a s t  V V S 5  p r i m e r s  w e r e  e f f e c t i v e  
a l s o  w i t h  2 4  a n d  5 0  n g  o f  g e n o m i c  D N A  p e r  r e a c t i o n  ( t h e  
l o w e s t  c o n c e n t r a t i o n s  t e s t e d ) .  S o m e  s a m p l e s  o f t e n  g a v e  
f a i n t  a m p l i f i e d  f r a g m e n t s  w i t h  a l l  t h e  p r i m e r s  t e s t e d ,  p r o b -
a b l y  d u e  t o  t h e  p r e s e n c e  o f  c o n t a m i n a n t s  i n h i b i t i n g  t h e  
P C R  r e a c t i o n s .  V V S 3  p r i m e r s  a m p l i f i e d  a  n o n - s p e c i f i c  
f r a g m e n t  o f  a b o u t  4 5 0  b p  w i t h  o u r  s t a n d a r d  P C R  p r o f i l e  
a n d  i t  w a s  f a r  f r o m  t h e  1 0 0 - 2 0 0  b p ,  w h i c h  i s  t h e  r a n g e  o f  
f r a g m e n t  l e n g t h s  r e p o r t e d  b y  T H O M A S  a n d  S c o r r  ( 1 9 9 3 ) .  
I n c r e a s i n g  t h e  a n n e a l i n g  t e m p e r a t u r e  t o  5 5  oc  a n d  l o w e r -
i n g  t h e  M g
2
+  c o n c e n t r a t i o n  t o  1 . 5  m M ,  c a u s e d  m o r e  s t r i n -
g e n t  a m p l i f i c a t i o n  c o n d i t i o n s  a n d  r e s u l t e d  i n  r e m o v i n g  o f  
t h e  J m · g e s t  b a n d .  
I n  a l l  c a s e s  b a n d s  w e r e  e a s i l y  s c o r a b l e  a n d  w e i l  s e p a -
r a t e d  o n e  f r o m  t h e  o t h e r  o n e s .  
M  i  c  r  o  s  a  t  e  I  1  i  t  e  p  o  I  y  m  o  r  p  h  i  s  m  :  A l l  5  
m i c r o s a t e l l i t e  l o c i  w e r e  f o u n d  t o  b e  p o l y m o r p h i c .  V V S 2  
( F i g .  1 )  a n d  V V S 5  ( F i g .  2 )  w e r e  t h e  m o s t  p o l y m o r p h i c  
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F i g .  l :  V V S 2  a m p l i f i e d  m i c r o s a t e l l i t e  i n  1 6  c u l t i v a r s  o f  V i t i s  
v i l 1 ( {e r a .  T h e  f i r s t  a n d  l a s t  l a n e s  a r e  l o a d e d  w i t h  p B R 3 2 2 ,  H a e  
l i i  d i g e s t ,  m o l e c u l a r  m a r k e r .  L a n e s  2  - 1 3  r e p r e s e n t  1 2  d i f f e r e n t  
g r o u p s  o f  c u l t i v a r s  a s  l i s t e d  i n  T a b .  2 .  
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Table 2 
Polymorphisms at the five microsatellite. loci found among the 
grapevine cultivars tested 
Locus Pattern Cultivars 
VVS1 Chardonnay, Picolit, Pinot noir, P. gris, 
P. blanc, Ribolla spizade, Terrano; 
2 Cabernet franc , Cabernet Sauvignon, 
Carmenere; 
3 Refoscone, Refosco di Faedis, 
Ribolle gialle <11; 
4 Refosco da! peduncolo rosso; 
5 Ribolla nera, Verduzzi <21; 
VVS2 Pinot noir, Pinot blanc, Pinot gris; 
2 Chardonnay; 
3 Ribolla spizade; 
4 Ribolle gialle <11; 
5 Refoscone, Refosco di Faedis; 
6 Picolit; 
7 Terrano; 
8 Refosco da! peduncolo rosso; 
9 Ribolla nera ; 
10 Verduzzi <21 ; 
11 Cabernet franc , Carmenere; 
12 Cabernet Sauvignon; 
VVS3 1 Chardonnay, Pinot noir, P. b1anc, 
P. gris , Refosco da! peduncolo rosso, 
Ribolla nera, Ribolla spizade, Terrano, 
Cabernet franc , Cabernet Sauvignon, 
Carmenere; 
2 Ribolle gialle <11, Refoscone, Refosco 
di Faedis ; 
3 Verduzzi <21 , Picolit; 
VVS4 Ribolle gialle <11, Ribolla spizade, 
Refoscone, Refosco di Faedis, Picolit; 
2 Refosco da! peduncolo rosso ; 
3 Ribolla nera, Cabernet franc, Cabernet 
Sauvignon, Carmenere; 
4 Chardonnay, Pinot noir, Pinot blanc, 
Pinot gris , Terrano; 
5 Verduzzi <21 ; 
VVS5 Pinot noir, Pinot blanc, Pinot gris; 
2 Chardonnay; 
3 Ribolla spizade; 
4 Ribolle gialle ( J); 
5 Refosco di Faedis, Refoscone; 
6 Verduzzi <21 ; 
7 Picolit, Terrano; 
8 Refosco da! pedunco1o rosso ; 
9 Cabernet franc , Ribolla nera ; 
lO Carmenere; 
11 Cabernet Sauvignon. 
Ol The name Ribolle gialle includes all the populations of 
Ribolla gialla included in Tab. 1. 
<
21 The name Verduzzi includes all the populations of Verduzzo 
presented in Tab. l. 
Fig. 2: VVSS amplified microsatellite in 16 cultivars of \liris 
vinifera. The first and last lanes are loaded with pBR322, Hae 
III digest, molecular marker. Lanes 2 - 12 represent 11 different 
groups of cultivars as Listed in Tab. 2. 
ments were approximately 200- 184 bp long, VVS2 frag-
ments ranged in size from 180 - 120 bp long, VVS3 frag-
ments from 260 to 218 bp, VVS4 fragments were about 
180 bp long with small differences between the visible 
bands, and VVS5 fragments were about 150- 60 bp long. 
VVS5 primers probably either amplified 2 loci or a sec-
ond non-specific product that had not been eliminated. The 
probable second locus was 60 bp long and it was not poly-
morphic but was present in all cu1tivars tested. If such a 
fragment is disregarded, the polymorphic VVS5 1ocus had 
fragments ranging from 150 to 80 bp. 
The number of different alleles found was 5, 10, 3, 4 , 
7 for VVS I - VVS5 respectively. The differences in length 
between the closest bands still distinguishable on agarase 
gel was estimated tobe of 4 bp. The heterozygosity va1ues 
ranged from 0 % in VVS3 locus to 81.2 % in VVS5 locus 
with intermediate values of 62.5 % in VVS 1 and VVS4 
loci , and 68.8 in VVS2 1ocus. VVS3 with our amp1ifica-
tion conditions showed one band of different length for all 
Table 3 
Grouping of the tested grapevine cultivars and clones accord-
ing to the five microsatellite loci 
Group Cultivar (clones) patterns 
a b c d e 
Cabernet franc 2 11 3 9 
2 Cabernet Sauvignon 2 12 3 11 
3 Carmenere 2 11 3 10 
4 Chardonnay (all) 1 2 4 2 
5 Picolit 6 3 7 
6 Pinot noir, blanc, 
gris (all) 4 
7 Refosco da! 
peduncolo rosso 4 8 1 2 8 
8 Refosco di Faedis 3 5 2 1 5 
9 Refoscone 3 5 2 5 
10 Ribolla gialla 3 4 2 4 
11 Ribolla nera 5 9 3 9 
12 Ribolla spizade 3 3 
13 Terrano 7 1 4 7 
14 Verduzzo friulano 5 10 3 5 6 
a = VVS l, b = VVS2, c = VVS3, d = VVS4, e = VVSS . 
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G .  C I P R J A N I ,  G .  F R A Z Z A ,  E .  P E T E R L U N G E R  a n d  R .  T E S T O L I N  
g r o u p s  o f  c u l t i v a r s  ( T a b .  2 ) .  O c c a s i o n a l l y  f o r  J e s s  s t r i n -
g e n t  c o n d i t i o n s  o t h e r  f a i n t  b a n d s  a p p e a r e d .  
T h e  c u l t i v a r s  w e r e  g r o u p e d  u s i n g  V V S 2  a n d  V V S 5  
p r i m e r s  r e s p e c t i v e l y  w h i l e  t h e  o t h e r  l o c i  w e r e  J e s s  i n f o r m a -
t i v e  ( T a b .  3 ) .  l t  w a s  n e v e r  p o s s i b l e  t o  d i s t i n g u i s h  t h e  P i n o t  
n o i r ,  b l a n c  a n d  g r i s  o n  t h e  b a s i s  o f  t h e  p a t t e r n  o b t a i n e d  
( T a b .  3 ) .  T h e  ' R e f o s c o  g r o u p '  i n c l u d e s  t h e  c u l t i v a r s :  
' R e f o s c o n e ' ,  ' R e f o s c o  d i  F a e d i s ' ,  ' R e f o s c o  d a !  p e d u n c o l o  
r o s s o '  a n d  ' T e r r a n o ' .  T h e  f i r s t  2  f o r  e v e r y  l o c u s  s h o w e d  
t h e  s a m e  e l e c t r o p h o r e t i c  p r o f i  J e .  A l l  p o p u l a t i o n s  o f  
' R i b o l l a '  h a d  a  s i m i l a r  p a t t e r n  f o r  t h e  5  l o c i  t e s t e d  w i t h  t h e  
e x c e p t i o n  o f  ' R i b o l l a  n e r a '  a n d  ' R i b o l l a  S p i z a d e '  w h i c h  
w e r e  d i s t i n g u i s h a b l e  f r o m  t h e  o t h e r  ' R i b o l l a '  a c c e s s i o n s .  
U s i n g  t h e  p r i m e r s  f o r  V V S 2  a n d  V V S 5  J o c i ,  a l l  c u l t i v a r s  
s h o w e d  a  u n i q u e  p a t t e r n  e x c e p t  t h o s e  o f  t h e  P i n o t  g r o u p  
o n  o n e  h a n d  a n d  ' R e f o s c o  d i  F a e d i s '  a n d  ' R e f o s c o n e '  o n  
t h e  o t h e r .  
D i s c u s s i o n  
T H O M A S  a n d  S c o r r  ( 1 9 9 3 )  p r o p o s e d  a  p r o t o c o l  w h e r e  
P C R  p r o d u c t s  w e r e  I a b e i i e d  d u r i n g  s y n t h e s i s  w i t h  3
5
S  d A T P  
i n  a  1 0 1 1 1  P C R  m i x  a n d  t h e  s a m p l e s  w e r e  l o a d e d  o n t o  a  ( 4 0  
c m )  J o n g  s e q u e n c i n g  g e l .  T h e  p r e s e n t  w o r k  p r o v e s  t h a t  
a m p l i f i e d  m i c r o s a t e l l i t e  r e p e a t s  c a n  b e  a n a l y z e d  o n  h i g h  
r e s o l u t i o n  a g a r o s e  g e l  s t a i n e d  w i t h  e t h i d i u m  b r o m i d e  w i t h -
o u t  t h e  u s e  o f  r a d i o a c t i v e  I a b e l i e d  m a t e r i a l ,  a l l o w i n g  r e l i -
a b l e  g r a p e v i n e  c u l t i v a r  f i n g e r p r i n t i n g  t o  b e  p e r f o r m e d  i n  a  
g r e a t e r  n u m b e r  o f  J a b o r a t o r i e s .  T h e  p o s s i b i l i t y  o f  d i s t i n -
g u i s h i n g  c l o s e  b a n d s w a s  v e r y  h i g h .  I n  t h e  6 0  b p  J e n g t h  r a n g e  
o f  t h e  V V S 2  a m p l i f i e d  f r a g m e n t s  l  0  d i f f e r e n t  a l l e  I  e s  w e r e  
f o u n d  i n  t h e  c u l t i v a r s  t e s t e d .  
M o s t  o f  t h e  e x a m i n e d  c u l t i v a r s  p r o d u c e d  u n i q u e  p a t -
t e r n s ,  a n d  t h i s  a l l o w e d  t h e  a c c u r a t e  a n d  r e l i a b l e  i d e n t i f i -
c a t i o n  o f  t h e m  a m o n g  a l l  c u l t i v a r  t e s t e d .  H o w e v e r  t h e  P i  n o t  
g r o u p  r e m a i n s  t h e  m a i n  e x c e p t i o n ,  b e c a u s e  t h e  3  c u l t i v a r s  
t e s t e d ,  n a m e l y  P i n o t  n o i r ,  P i n o t  b l a n c  a n d  P i n o t  g r i s ,  
s h o w e d  t h e  s a m e  b a n d i n g  p a t t e r n  o n  a l l  5  m i c r o s a t e l l i t e  
s e q u e n c e s  a n a l y s e d .  R e c e n t l y  B o w E R S  e t  a l .  ( 1 9 9 3 )  h a v e  
r e p o r t e d  P i n o t  n o i r  a n d  P i n o t  g r i s  a s  h a v i n g  i n d i s t i n g u i s h -
a b l e  b a n d i n g  p a t t e r n s  w h e n  c h e c k e d  f o r  3 8  f r a g m e n t s  p r o -
d u c e d  i n  a n  e x p e r i m e n t  o f  S o u t h e r n  b l o t t i n g  w h e r e  5  d i f -
f e r e n t  c D N A  f r a g m e n t s  w e r e  u s e d  a s  p r o b e s .  P i n o t  b l a n c  
a n d  P i n o t  g 1 i s  v e r y  l i k e l y  o r i g i n a t e d  a s  b u d  m u t a t i o n s  f r o m  
P i n o t  n o i r ,  t h e  m o s t  a n c i e n t  c u l t i v a r  a m o n g  t h e  t h r e e .  T h e  
d i f f e r e n c e s  a r e  t h o u g h t  t o  b e  d u e  t o  o n e  o r  a  f e w  g e n e s  
a f f e c t i n g  t h e  c o l o u r  o f  t h e  b e r r y  ( G A L E T  1 9 9 0 ) .  
A m o n g  t h e  ' R e f o s c o '  g r o u p ,  a  f a m i l y  o f  c l o s e l y  r e -
l a t e d  g e n o t y p e s  w i d e l y  g r o w n  i n  n o r t h - e a s t e r n  l t a l y ,  
4  c u l t i v a r s  r e v e a l e d  3  d i f f e r e n t  p a t t e r n s ,  w i t h  ' R e f o s c o  d i  
F a e d i s '  a n d  ' R e f o s c o n e '  s h a r i n g  t h e  s a m e  b a n d i n g  p a t t e r n  
i n  a l l  D N A  r e p e a t s .  ' R e f o s c o  d i  F a e d i s '  a n d  ' R e f o s c o n e '  
a r e  s o m e t i m e s  c o n s i d e r e d  t o b e  t h e  s a m e  c u l t i v a r  b e c a u s e  
o f  t h e  d i f f i c u l t i e s  d i s t i n g u i s h i n g  t h e m  o n  t h e  b a s i s  o f  m o r -
p h o l o g i c a l  c h a r a c t e r s  ( M A R Z O T T O  1 9 2 3 ) .  B o t h  a r e  c u l t i v a t e d  
i n  t h e  s a m e  a r e a  o n  t h e  F a e d i s  h i l l s  ( F r i u l i ,  n o r t h - e a s t e r n ,  
l t a l y ) .  T h e  ' T e r r a n o '  ( a l s o  c a l l e d  ' R e f o s c o  d ' I s t r i a ' )  w h i c h  
o r i g i n a t e d  p r o b a b l y  o n  t h e  k a r s t i c  h i l l s  o f  e a s t e r n  F r i u l i -
V e n e z i a  G i u l i a  ( I t a l y )  o r  i n  t h e  I s t r i a n  p e n i n s u l a  ( S l o v e n i a ,  
C r o a t i a )  i s  c o n s i d e r e d  t o  b e l o n g  t o  t h e  ' R e f o s c o '  g r o u p  
b u t  w i t h  s o m e  p a r t i c u l a r  c h a r a c t e r i s t i c s .  T h e  m o l e c u l a r  
a n a l y s i s  b a s e d  o n  m i c r o s a t e l l i t e  r e p e a t s  c o n f i r m e d  t h e  d i f -
f e r e n t i a t i o n  a m o n g  t h e  c u l t i v a r s  t e s t e d  a n d  s t r e n g t h e n  t h e  
h y p o t h e s i s  o f  t h e  h o m o n y m y  f o r  t h e  ' R e f o s c o  d i  F a e d i s '  
a n d  ' R e f o s c o n e ' .  
A  l i m i t e d  a r e a  o f  e a s t e r n  F r i u l i  i s  t h e  c e n t e r  o f  o r i g i n  
a n d  t h e  z o n e  o f  g r e a t e s t  c u l t i v a t i o n  o f  t h e  ' R i b o l l a '  g r o u p .  
B y  m o l e c u l a r  a n a l y s i s  3  c u l t i v a r s  h a v e  b e e n  i d e n t i f i e d :  
' R i b o l l a  n e r a ' ,  ' R i b o l l a  s p i z a d e '  a n d  t h e  r e m a i n i n g  
' R i b o l l a ' .  I t  w a s  n e v e r  p o s s i b l e  t o  d i f f e r e n t i a t e  t h e  ' R i b o l l a  
g i a l l a '  a n d  ' R i b o l l a  v e r d e '  p o p u l a t i o n s  a n d  i t  s e e m s  t h a t  
t h e  u n i q u e  d i v e r s i t y  a m o n g  t h e m  r e l i e s  o n  s o m e  m o r p h o -
l o g i c a l  t r a i t .  P r o b a b l y  t h e  d i f f e r e n c e  a m o n g  t h o s e  ' R i b o l l a '  
a c c e s s i o n s  i s  o f  t h e  s a m e  o r d e r  o f  m a g n i t u d e  a s  t h e  d i f f e r -
e n c e  a m o n g  c l o n e s  o f  a  c u l t i v a r ,  a n d  i s  n o t  a p p r e c i a t e d  i n  
t h i s  t y p e  o f  a n a l y s i s .  C a b e r n e t  f r a n c  a n d  C a r m e n e r e  a r e  
c l o s e  b u t  d i f f e r e n t  c u l t i v a r s ,  a s  i n d i c a t e d  i n  V V S 5  l o c u s ,  
i n d i r e c t l y  c o n f i r m i n g  t h e  f i n d i n g s  o f  C A L Ö  e t  a l .  ( 1 9 9 1 )  
w h o  o b s e r v e d  i s o z y m e  p a t t e r n s .  
A l l  5  a m p l i f i e d  m i c r o s a t e l l i t e  r e p e a t s  f a i l e d  t o  s e p a -
r a t e  c l o n a l  s e l e c t i o n s  i n  a l l  c u l t i v a r s  c o n s i d e r e d  i n  t h e  
p r e s e n t  s t u d y .  I t  m a y  b e  t h a t  c l o n e s  a r e  o f t e n  s e l e c t e d  o n  
t h e  b a s e  o f  p h e n o t y p i c  O b s e r v a t i o n s  s t r o n g l y  a f f e c t e d  b y  
e n v i r o n m e n t  ( d i s e a s e  I o a d  a n d  o t h e r s ) ,  a s  p o i n t e d  o u t  b y  
T H O M A S  e t  a l .  ( 1 9 9 3 ) .  F u r t h e r m o r e  i t  c o u l d  b e  e x p e c t e d  
t h a t  s o m e  c l o n e s  d i f f e r  f r o m  t h e  o t h e r s  b e c a u s e  o f  a  f e w  
m u t a t i o n s .  I n  t h i s  c a s e  s p e c i f i c  m a r k e r s  l i n k e d  w i t h  t h o s e  
m u t a t i o n s  a r e  n e c e s s a r y .  A s  t h e  g r a p e v i n e  D N A  w i l l  b e  
s a t u r a t e d  w i t h  i n c r e a s i n g  n u m b e r s  o f  m a r k e r s ,  t h e  s e p a r a -
t i o n  o f  t h e  t r u e  c l o n e s  w i t h i n  a  g i v e n  c u l t i v a r  w i l l  b e c o m e  
m o r e  f e a s i b l e .  
A c k n o w l e d g e m e n t  
T h i s  r e s e a r c h  w a s  c o n d u c t e d  w i t h  f i n a n c i a l  s u p p o r t  o f  t h e  l t a l -
i a n  N a t i o n a l  R e s e a r c h  C o u n c i l  ( C o n s i g l i o  N a z i a n a l e  d e l l e  
R i c e r c h e ) ,  c o o r d i n a t e d  p r o j e c t  ' W o o d y  P l a n t s  G e r m p l a s m ' .  
R e f e r e n c e s  
B A C H M A N N ,  0 . ;  B L AJC H,  R . ;  1 9 8 8 :  I s o e l e c t r i c  f o c u s i n g  o f  g r a p e v i n e  
p e r o x i d a s e s  a s  t o o l  f o r  a m p e l o g r a p h y .  V i t i s  2 7 ,  1 4 7 - 1 5 5 .  
B E NIN ,  M . ;  G A S Q U E Z ,  J . ;  M A H F O UD I ,  A . ;  B E S S I S ,  R . ;  1 9 8 8 :  C a r a c t e r i s a t i o n  
b i o c h i m i q u e  d e s  c e p a g e s  d e  \ f i r i s  v i n i f e r a  L .  p a r  e l e c t r o p h o r e s e  
d ' i s o e n z y m e s  f o l i a i r e s :  E s s a i  d e  c l a s s i f i c a t i o n  d e s  v a r i e t e s .  Y i t i s  2 7 ,  
1 5 7 - 1 7 2 .  
B O U R Q U IN ,  J .  C . ;  T O U R NI E R ,  P . ;  Ü T T E N ,  L . ;  W AL T E R ,  B . ;  1 9 9 2 :  J d e n t i f i c a t i o n  
o f  s i x t e e n  g r a p e v i n e  r o o t s t o c k s  b y  R F L P  a n d  R F L P  a n a l y s i s  o f  n u -
c l e a r  D N A  e x t r a c t e d  f r o m  t h e  w o o d .  V i t i s  3 1 ,  1 5 7 - 1 6 2 .  
B o w E R S ,  J .  E . ;  B A N D M A N ,  E .  B . ;  M E R E D I T H ,  C .  P . ;  1 9 9 3 :  D N A  F i n g e r p r i n t  
c h a r a c t e r i z a t i o n  o f  s o m e  w i n e  g r a p e  c u l t i v a r s .  A m e r .  J .  E n o l .  Y i t i c u l t .  
4 4 ,  2 6 6 - 2 7 4 .  
B ü S C HE R ,  N . ;  Z Y P R I A N ,  E . ;  B L AI CH,  R . ;  1 9 9 3 :  J d e n t i f i c a t i o n  o f  g r a p e v i n e  
c u l t i v a r s  b y  D N A  a n a l y s e s :  F i t f a l l s  o f  r a n d o m  a m p l i f i e d  p o l y m o r -
p h i c  D N A  t e c h n i q u e s  u s i n g  I  0 - m e r  p r i m e r s .  V i t i s  3 2 ,  1 8 7 - 1 8 8 .  
C A L Ö ,  A . ;  D 1  S T E F A N O ,  R . ;  C o s TA C U R T A ,  A . ;  C A L Ö ,  G . ;  1 9 9 1 :  C a r a t t e r -
i z z a z i o n e  d i  C a b e r n e t  F r a n c  e  C a r m e n e r e  ( \ f i r i s  s p . )  e  c h i a r i m e n t i  s u l l a  
l o r o  c o l t u r a  i n  I t a l i a .  R i v .  Y i t i c o l t .  E n o l .  4 4 ,  3 - 2 5 .  
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